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Description 

method for detecting an arc and 
protecting a load against said arc 

Background of Invention 

[0001] i. Field of the Invention: The present invention relates to a 
method for detecting an arc and protecting a load against 
the arc. Particularly the present invention relates to an 
electrical component in an automotive vehicle, which, 
through an electronic system, analyzes samples of current 
circulating through a load and disconnects said load from 
the feed when an arc is detected. 

[0002] 2. Description of the Related Art: 

[0003] Patent document WO-A-02/39561 teaches an apparatus 
providing detection and/or protection of an electric sys- 
tem against parallel arcs and series arcs. In this reference, 
different detection parameters are provided. Different ap- 
paratus having different configurations depending on the 
variable to be monitored and on which the detection of 
parallel and series arcs will be based. In some cases the 



voltage in the load, in other cases the intensity circulating 
through the load, and in yet others the intensity in the 
load and the voltage in the source will be monitored. On 
the basis of the values obtained by this monitoring, those 
values are compared with pre-established thresholds for 
rated voltage and rated intensity in the load. When these 
monitored values exceed or fall under said thresholds, 
depending on if it is voltage or intensity, and are main- 
tained for a certain time in those exceeded or fallen 
ranges, it will be indicated that a parallel or series arc, has 
been detected, and the load will be disconnected from the 
feed and/or series of alarm signals will be activated, such 
as, for example, LEDs being lit. 
[0004] The biggest drawback of this apparatus is that the prede- 
termined time, during which it is observed if the moni- 
tored values are maintained above or below the pre- 
established thresholds, is very high, a minimum of 10 ms. 
but preferably 20 ms., being taught. During this time pe- 
riod there is no protective action against an arc being car- 
ried out, which is very dangerous for the load, because 
before the load is disconnected from the feed, it could 
have be seriously damaged for having maintained the arc 
too long. Another drawback of the apparatus is that the 



instantaneous value of the intensity or voltage in the load 
is compared continuously, which can make certain tran- 
sient phenomena falsely effect the result of said compari- 
son. 

[0005] us patent 5,933,305 issued August 3, 1999 to Schmalz et 
al teaches the possibility of carrying out arc detection by 
the analysis of values acquired by a monitoring compo- 
nent, during a certain interval, comparing the result of 
said analysis with other previous ones and expressing the 
result of said comparison in the form of bits (1 when an 
increase occurs with regard to a previous interval, and 0 
when this comparison provides a negative result). Said 
bits are stored in a shift register and are therefore up- 
dated every certain number of bits, depending on the ca- 
pacity of the register, and if they are representative of a 
sufficient number of changes indicate that an arc has oc- 
curred (this number is marked by a counter), it acts ac- 
cordingly, disconnecting the load from the feed. As this 
method does not take into account the amplitude of the 
samples, it can be used to detect parallel arcs as well as 
series arcs. The fact that the amplitude is not taken into 
account is also a drawback, since the types of arc are not 
differentiated, nor is the detection of a possible short cir- 



cuit taken into account which would make the immediate 
disconnection of the load from the feed essential, without 
waiting for a larger number of samples to be analyzed. 
This slowness in the response to an arc on the load could 
cause potentially irreversible damage to the electric sys- 
tem. 

[0006] us patent document 6,388,849 issued May 14, 2002 to 
Rae teaches an arc detector and a circuit responsible for 
disconnecting the feed from the load in the case of an arc. 
The teaching is directed to the case in which the arcs oc- 
cur in an alternating current (AC) electric system. The 
method used by said detector to generate an arc signal 
and therefore make said disconnecting circuit act is based 
on carrying out a moving average, taking the period of the 
frequency of said alternating current as a reference, with 
acquired instantaneous current values and if the value ob- 
tained exceeds a preset threshold, an arc signal is gener- 
ated. To prevent false detections due to other transient 
phenomena which also modify the average current value, 
another method is disclosed which also includes a pulse 
generator that will ignore said transient phenomena and 
will generate pulses every time it detects a step increase 
in current. Said generator can even act as a function of a 



predetermined value of pulses generated every time an 
arc occurs. In the case where said pulse generator is in- 
cluded, the arc indicating signal will be determined by the 
average current value obtained exceeding the preset 
threshold and whether the pulse generator generates a 
pulse, i.e. both situations must occur for an arc signal to 
be generated and for the detector circuit to act accord- 
ingly. Said document does not mention the possibility of 
being applied in a direct current (DC) electric system. It is 
also clear from the document that, as in the previously 
mentioned references, the action against a possible arc is 
not very fast, since the analyses are carried out in half- 
periods or periods of the frequency of the alternating cur- 
rent. Nor does it indicate if the proposed detector serves 
to detect series and parallel arcs, and if it is capable of 
differentiating them, since it only refers to acting in case 
the average current value excessively exceeds a preset 
threshold. This reference also values from which the 
threshold is compared with the calculated average current 
value, indicating that the latter has one or several set val- 
ues. 

[0007] | t j S therefore still desirable to provide greater reliability 
when detecting series and parallel arcs, as well as short 



circuits and, especially, a faster detection, which will be 
reflected in an almost immediate action on the load if one 
of said phenomena occurs by disconnecting the load from 
the feed. 

[0008] Description of the invention 

[0009] The present invention relates to a method for detecting an 
arc and protecting the load against the arc, applicable to 
an electric component of an automotive vehicle, compris- 
ing a current acquisition step for acquiring current circu- 
lating through at least one load and a step for processing 
and acting, by disconnecting the feed from said load and 
triggering alarm signals which are internal and/or external 
to said system. Said method comprises calculating an av- 
erage value of a desired number of current value samples, 
or the instantaneous current value, then updating the av- 
erage current value with acquisition of each new sample 
and the calculation of a variable indicating an arc limit 
from the calculated current value. 

[0010] Another aspect of the present invention relates to a 

method for detecting an arc and protecting a load against 
said arc, applicable to an electric assembly of an automo- 
tive vehicle, utilizing an electronic microprocessor based 
system comprising: acquiring at least two samples of the 



amount of current circulating through each of at least one 
load, calculating the average value of said acquired sam- 
ples and updating said average value with the acquisition 
of each new sample, calculating a variable indicating an 
arc limit through the calculated average current value, and 
disconnecting the fee from the sampled load and activat- 
ing at least one alarm signal. 
[0011] This calculation of the average value, which could be 

called moving average, and its proportional influence on 
said variable indicating an arc limit, is much more charac- 
teristic of the behavior of the load, in this case of the in- 
tensity circulating through it, unlike the references, where 
only the instantaneous current values or, in the case of 
the average value thereof, the comparison was carried out 

with a fixed arc threshold or limit value. 
Brief Description of Drawings 

[0012] Figure 1 shows a flow chart illustrating the different steps 
to be carried out by the method of the present invention. 

[0013] Figure 2 shows a practical embodiment of applying the 
method of the present invention. 

[0014] Figure 3 shows a graphic representation of the different 
conditions through which the intensity circulating through 
the load can go through once a possible arc is detected, 



according to the method of the present invention. 
Detailed Description 

[0015] There is shown in the figures, a preferred method for de- 
tecting an arc and protecting the load against the arc, ap- 
plicable to an electric assembly of an automotive vehicle 
comprising, as can be seen in Figure 2, a current acquisi- 
tion step for acquiring current circulating through at least 
one load, or load channel, and a step for processing and 
acting, by means of an electronic system based on one or 
more microprocessors, which provides the disconnection 
of the feed from said load and the activation of at least 
one alarm signal. 

[0016] jhe current acquisition is carried out independently for 
each one of the loads or load channels connected to an 
electric assembly, by the inclusion of one or more current 
sensors positioned ahead of said loads, said current sen- 
sor preferably being integrated into a Solid State Relay. 
This Solid State Relay will also be responsible for deacti- 
vating the load in the case where an arc or short circuit is 
detected. The present invention can be configured to de- 
tect a parallel or a series arc as well as a short circuit. 
Other types of current sensors as well as other arrange- 
ment configurations thereof would be possible, such as 



current sensors forming part of a shunt structure or Hall 
Effect sensor, or any other sensor with a suitable mea- 
surement range and response time. 
[0017] The method consists of carrying out through the acquisi- 
tion of a series of instantaneous current or intensity val- 
ues, the calculation of the average value thereof, the up- 
date of said average value for each new sample acquired, 
by which a moving average of the intensity circulating 
through the load and the calculation of a variable indicat- 
ing an arc limit can be obtained through the calculated 
average current value. With this average value and the in- 
stantaneous values corresponding to the successive ac- 
quisitions, and comparing them to a series of parameters 
previously set by the user, or variables proportional to 
said moving average, and through a series of steps shown 
in Figure 1, the method of the present invention is imple- 
mented. 

[0018] | n the method of the present invention the following pa- 
rameters are used:l = Instantaneous intensityl 

in st average 

Average intensityl = Minimum intensity limitl = Maxi- 

min max 

mum intensity limitl = Arc intensity or arc MmitMore 

arc 

particularly the steps of the method of the present inven- 
tion comprises) current acquisition, with which an instan- 



taneous value (I ) of the current circulating through the 

inst 

load is obtained, b) calculation of the average value (I 
) from the acquisitions made in a), in a sufficient 

average 

number, such as, for example, eight samples as shown in 
the present example and, as previously explained, the av- 
erage value (I ) is updated for each new sample, dis- 

average 

regarding the oldest sample and exchanging it for the 
most recent sample, c) calculation of the value of the vari- 
able indicating an arc limit (I ), updated for each sample, 
by means of the product of a variable representative of an 
arc detection threshold which has previously been as- 
signed a value, preferably between 0.75 and 0.9, in a pre- 
ferred embodiment being approximately equal to 0.875, 
and the average current value, d) comparison of the aver- 
age current value with a preset current value indicating a 
maximum limit (I ), disconnecting said load channel 

max 

from the feed due to the presence of a short circuit and/ 
or parallel arc, if the average current value is higher than 
said maximum limit and returning to step a) after report- 
ing to the system or, if the average current value is lower 
than the maximum limit, it will proceed to the next step,e) 
comparison between the instantaneous current value ac- 
quired and a preset current value indicating a minimum 



limit (I ), deactivating a possible internal arc pre- 

min 

detection signal if it were activated, and not carrying out 
any action on the load if said comparison provides the re- 
sult that the instantaneous current value acquired is lower 
than the minimum limit (condition 3 of figure 3). In this 
case, it returns to step a) after reporting to the system. If, 
on the other hand, the instantaneous current value ac- 
quired is higher than said minimum limit, it will proceed 
to the next step,f) verification of the existence of an arc 
pre-detection signal (which would exist if a possible arc 
condition had been detected in a previous cycle). If the 
latter does not exist and the instantaneous current value 
is lower than that of said arc limit, said signal will be acti- 
vated, a value larger than 0 (equal to or greater than two 
in the present example) will be assigned to a counter vari- 
able (COUNT, in Figure 1) accessible to the system, and it 
will return to step a) after reporting to the system. If the 
arc pre-detection signal does not exist but the instanta- 
neous current value is higher than that of the arc limit, the 
cycle will conclude as it is interpreted as not being in any 
of the arc zones and, after reporting to the system, will 
directly return to step a). If said arc pre-detection signal 
exists, it will proceed to the next step,g) comparison be- 



tween the instantaneous current value acquired and the 
arc limit value, disconnecting the load channel from the 
feed and activating an internal series arc detection signal 
if said comparison results in the instantaneous current 
value being lower than the arc limit, since this proves that 
the instantaneous current value has been kept within the 
series arc zone (condition 2 of Figure 3), and, after re- 
porting to the system, proceeds to step a). If said compar- 
ison provides the opposite result, i.e. the arc limit is lower 
than the instantaneous current value, it is determined that 
after a possible arc detection, the current sample of the 
current is not within the series arc zone (condition 1 of 
Figure 3), a positive arc detection will not be determined 
and, therefore, the method proceeds to the next step, h) 
verification of the value of the counter variable: if it is 
equal to zero, it is determined that after a possible arc 
condition (arc pre-detection) none of the consecutive n 
current acquisitions (where n is the value with which the 
COUNT, variable is activated) returns to the series arc 
zone, therefore the internal arc pre-detection signal will 
be deactivated without carrying out any action whatsoever 
on the load, and it will return to step a) after reporting to 
the system. If, however, said variable is not equal to zero, 



one unit will be subtracted from the counter variable 
without deactivating the arc pre-detection signal and also, 
after reporting to the system, another cycle will be initi- 
ated with a new current acquisition, i.e. it will return to 
step a). 

[0019] The majority of the previous steps concluded by reporting 
to the system before returning to step a), i.e. before initi- 
ating another cycle by means of a new current acquisition. 
It is obvious that said new current acquisition will result in 
zero if the result of the step prior to the new cycle had 
been that of disconnecting the load and the load had not 
been reconnected. How and when said load is reconnected 
is not object of this patent. This is why, in the previous 
steps, it is simply stated that it reported to the system, 
since it is the system which is responsible for reconnect- 
ing the load/s again when considered necessary, depend- 
ing on the priority that the load has for the system and on 
the time it can or the time it is advisable for it to remain 
disconnected. This is why reconnecting the load/s is not 
indicated as another step in the flow chart shown in figure 
1, since this reconnection is not carried out by the method 
of the present invention but rather by the monitored sys- 
tem itself, independent of the method of the present in- 



vention. 

[0020] | n the present example shown in Figure 1, the maximum 
current limit has a value approximately equal to double 
the rated current circulating through each load channel, 
and the minimum limit has a value approximately equal to 
10% of the rated current. 

[0021] | t j S a | so to be understood that in the present example, 

the average current value is updated for each new sample 
acquired taking into account eight or more immediately 
preceding acquisitions, and that the value will continue to 
be updated even though the current value is practically 
zero. 

[0022] | n an embodiment where the current of the load had a be- 
havior similar or equal to the one controlled by Pulse 
Width Modulation (PWM), the average current value would 
not be updated as long as the current acquisitions re- 
mained below the minimum current limit. 

[0023] Figure 2 shows an example of an electronic assembly 

suitable for use with the method of the present invention. 
In this figure it can be seen how the Solid State Relay (SSR) 
has a current sensor incorporated on the inside thereof, 
which is connected to a shunt structure, that in turn is 
connected to a load. As can be seen, the Solid State Relay 



controls the passage of a voltage V bat coming from the 
battery of the vehicle to the load/s. Monitoring of the cur- 
rent is carried out in this case by comparing the signals 
coming from the sensor inside the Solid State Relay and/ 
or shunt structure, after a prior processing step which 
adapts the signals coming from it, a microprocessor being 
responsible for analyzing said signals and acting accord- 
ingly, applying the method of the present invention and 
sending the corresponding control signals to the relay to 
disconnect the feed from the load when necessary. It is to 
be understood that this is just one implementation of the 
present invention and any electronic system in which the 
method of the present invention could be applied is con- 
templated herein. 
[0024] Turning now to Figure 3 there is shown the different con- 
ditions in which the intensity in the load could be found 
after a possible arc condition, in the method of the 
present invention. Figure 3 shows the different parame- 
ters previously defined and taken into account by the 
method with values randomly selected for the present ex- 
ample. It can be seen how I evolves slowly in a decreas- 

arc 

ing manner and proportional to I when the instanta- 

average 

neous intensity decreases. In the band marked "possible 



arc condition", the behavior of the intensity can be noticed 
when a series arc occurs, specifically when said intensity 
decreases, due to the impedance a series arc adds to the 
load, but it remains stabilized at a certain level. This con- 
dition is indicated in the graph by the arrow 2. The arrow 
1 indicates a second path for the intensity to follow after 
said decrease for which the intensity is not stabilized, i.e. 
the series arc condition is not confirmed. This consists of 
the recovery of the intensity, i.e. it increases, which would 
either be indicative that the possible arc was not an arc 
but rather a transient phenomenon, in which case the in- 
tensity returns to its rating, or, if the intensity continues 
to increase, that another anomalous phenomenon has oc- 
curred, such as a short circuit if the intensity finally ex- 
ceeds that established as the maximum limit I , or a 

max 

parallel arc, whose effects, in fact, are very similar to 
those of a short circuit. Lastly, arrow 3 indicates a third 
path for the intensity to follow after detecting the sup- 
posed "arc condition", and which is none other than the 
intensity continuing to decrease until it is below the mini- 
mum limit, which would be indicative that the circuit has 
opened, i.e. the feed has been disconnected from the 
load, or that the load simply has a certain standstill con- 



sumption. All these conditions are addressed by the 
present method (see Figure 1). 
[0025] a person skilled in the art could introduce changes and 

amendments to the disclosed embodiment example with- 
out exceeding the scope of the invention as defined in the 
attached claims. 

[0026] 



